Abstract-This paper presents the performance analysis of V-BLAST based multiple input multiple output orthogonal frequency division multiplexing (MIMO-OFDM) system with respect to bit error rate per signal to noise ratio (BER/SNR) for various detection techniques viz zero forcing (ZF), minimum mean square error (MMSE) and maximum likelihood (ML). A 2X2 MIMO-OFDM system is used for the performance evaluation. The simulation results shows that the performance of V-BLAST based detection techniques is much better than the conventional methods.
I. INTRODUCTION
With the increasing demand for high speed wireless transmission of data, the demand for vast frequency spectrum arises. Since the available frequency spectrum is scarce, future systems should be characterized by significantly enhanced spectral efficiency in order to increase link throughput and network capacity. By using multiple antennas at both transmitter and receiver (MIMO system) the throughput can be increased by simultaneously transmitting different streams of data on the different transmit antennas but at the same carrier frequency [1] . These parallel streams of data can be recovered at the transmitter with spatial sampling and corresponding signal process algorithm [2] . The combination of the throughput enhancement of MIMO system with the robustness of orthogonal frequency division multiplexing (OFDM) against frequency-selective fading caused by severe multipath scattering and narrowband interference is regarded as a very promising basis for future high speed data communication. That's why there is high demand for a MIMO-OFDM system with high efficiency and low complexity.
Among conventional detection techniques in MIMO-OFDM communication such as zero forcing (ZF) [3] , minimum mean square error (MMSE) [4] and maximum likelihood (ML) [5] , ML shows better performance at the cost of higher complexity [6] . Therefore we have applied V-BLAST algorithm on all of the above detection techniques and then compared their performance on the basis of bit error rate per signal to noise ratio and found that the detection techniques with V-BLAST algorithm shows better performance than without V-BLAST. Even the complexity of the system reduces by using V-BLAST algorithm and the simulation results show that the performance of V-BLAST based MMSE is close to that of ML technique, with much lower complexity. Therefore V-BLAST based detection techniques can be preferred over conventional methods in MIMO-OFDM system with high data transmission capacity where high efficiency is required with lower complexity. The analysis presented in this paper shows the performance comparison of conventional detection techniques in MIMO-OFDM communication with that of V-BLAST based techniques and hence shows that better performance can be achieved by using V-BLAST based detection techniques.
The remaining paper is organized as follows. In section II we present the V-BLAST based system model. Section III presents the performance comparison of various detection techniques with their V-BLAST counterpart. Simulation results are presented in section IV followed by the conclusions in section V.
II. V-BLAST BASED SYSTEM MODEL
A V-BLAST based 2X2 MIMO-OFDM system is presented in figure (1). We considered N T transmitting antennas and N R receiving antennas. The incoming signal bits are multiplexed and then modulated with BPSK modulation [7] . The modulated signal is processed through inverse discreet Fourier transform (IDFT) to insert a cyclic prefix and convert it to a radio frequency and then transmit through channel [8] . At the receiver end, the signal is received through N R antennas and processed through discreet Fourier transform (DFT) and then passed through V-BLAST detector. The received signal is passed through DFT to convert it to frequency domain. Hence the equation of received signal at first antenna is,
and the received signal at the second receive antenna will be, So, the equivalent equation for the received signal can be written as, (3) y Hx n   where x denotes the transmitted signal and n denotes the additive white Gaussian noise(AWGN) added to the signal.
The wideband MIMO channel is converted into a set of N parallel narrow band channels from (3). Now the V-BLAST algorithm is applied per subcarrier basis [9] . In V-BLAST a filter matrix G is multiplied to the signal and then detected layer by layer. The channel with maximum SNR is then selected and the effect of channel is nullified for that stream. Now the nullified symbols are quantized with appropriate constellation and the effect of detected stream is cancelled from the received signal. A new channel matrix is created then by replacing the columns corresponding to the detected stream with zeros and the whole process is repeated with the new channel matrix until all the streams are detected.
The algorithm for the whole process can be given as, Finding nulling solution: 
III. COMPARISON

A. Zero Forcing
Zero Forcing is a linear detection technique. The pseudo inverse of the signal is applied to the received signal in order to make a decision about one user. So the equation for filter matrix G for zero forcing will be, Figure 2 shows the performance comparison of ZF and ZF-V-BLAST. As it is evident from the figure, ZF with V-BLAST shows better performance in comparison to normal ZF in terms of BER/SNR.
B. Minimum Mean Square Error
MMSE is also a linear detection technique but more reliable than ZF in case of noisy channel [10] . MMSE does not apply pseudo inverse of signal to make decision about one user, instead it attenuates them to noise level thereby reducing the diversity order. From [4] the filter matrix for MMSE is, 1 
H
Now V-BLAST algorithm can be applied over above filter matrix and results can be generated. Figure 3 shows the performance comparison of MMSE detector and MMSE-V-BLAST detector in terms of BER/SNR.
C. Maximum Likelihood
ML is a non-linear detection technique. The BER/SNR results of ML are better than MMSE detector but at the cost of additional complexity [6] . So ML is used in applications where high efficiency is requires. Now if we apply V-BLAST algorithm on ML, the performance will be better than ML detector which is clear from figure (4).
IV. SIMULATION RESULTS
We have considered a 2X2 MIMO-OFDM channel with BPSK modulation and various detection techniques are applied along with V-BLAST algorithm and their performance is compared on the basis of bit error rate per signal to noise ratio (BER/SNR). The simulation result shows that when the detection techniques are applied with V-BLAST, they show better results even for higher values of SNR. Figure (5) shows the performance comparison of all detection techniques along with V-BLAST. As it is evident from the figure, we can obtain close to ML performance with less complexity by applying V-BLAST algorithm on linear detection techniques and also if we require a system with performance better than ML then we can also apply V-BLAST on ML.
V. CONCLUSION
We have analyzed the performance of V-BLAST on various detection techniques and compared them on the basis of BER/SNR and hence obtained better performance without additional complexity. We can also evaluate which system can be best suited for a particular application on the basis of given comparison. We can also compare the given techniques on the basis of other parameters such as symbol error rate (SER), computational time and system configuration to obtain enhanced results. 
